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INTRODUCTION  
 
The cochlear implant (bionic ear) is a device that bypasses a nonfunctional inner ear and 
stimulates the hearing nerves with patterns of electrical currents so that speech and sounds can 
be perceived by profoundly deaf people. The bionic ear is the culmination of investigations 
that started more than two hundred years ago, and it is the first major advance in helping 
profoundly deaf  to communicate since the sign language of the deaf was developed by 
l‟Abbe´ de l‟Epe´e at the Paris Deaf School in second half of eighteenth century. The cochlear 
implant is to date the only direct interface to the central nervous system to restore sensory 
function. The cochlear implant has been the result of research in many disciplines, including 
surgical anatomy, surgical pathology, biology, biophysics, neurophysiology, psychophysics, 
speech science, engineering, surgery, audiology, rehabilitation, and education. The function of 
cochlear implant is today well known but, its early development through the history of 
electrical stimulation of the ear is uncertain. The Count Alessandro Volta is generally 
qualified as the first to stimulate the ear with the electricity. Alessandro Volta, soon after 
developing the battery, carried out on himself in the late 1790s the first experiment on 
electrical stimulation of the auditory nerve. His results were read on June 26, 1800, before the 
Royal Society meeting in London. The report is recorded in the Philosophical Transactions of 
the Royal Society of London for the year 1800, part I, p. 427. Because of the unpleasant 
sensation experienced by the scientist, any other experiment was carried out over the next half 
century to study this effect. 
Investigating exhaustively the available literature of the eighteenth century, we found an 
electrical stimulation of the ear carried out, half century before Volta, in 1748 by Giuseppe 
Veratti a Bolognese physicist.  
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GIUSEPPE VERATTI AND THE ACADEMY OF SCIENCES OF BOLOGNA  
 
From the first half of the 18th century onwards, tremendous curiosity about electrical 
phenomena spread throughout Europe. Machines producing electrostatic electricity were 
scattered over Italy, and lectures on electricity attracted members of academia as well as the 
ruling elite. The Institute of Science of Bologna was one of the first scientific academies to 
explore the nature of “electric fluid,” uniting them into a field of scientific research. Therefore 
the therapeutic application of electricity, a field known at the time as “medical electricity.” 
emerged at the middle of the 18th century following the electrical researches and the 
discovery of the effects of electricity on the human body (generally the investigator‟s own 
body): strong commotions of limbs, increase in perspiration, and acceleration in the heart 
beat. These observations pushed some doctors to apply electricity to the treatment of some 
diseases, which could not be cured by traditional remedies. The therapeutic application of 
electricity found in Bologna (the most important city of the Papal States, after Rome) a very 
fertile field. Giuseppe Veratti, was one of the many Bolognese physicists of the Settecento 
who tried to apply the electricity to the study of organisms. Giuseppe Veratti (1707–1793) 
received a degree in Philosophy and Medicine in 1734. Although trained as a physician, he 
was strongly interested in physics, a matter which was part of the philosophical curriculum. In 
1737, he was given a University position to teach it, and some years later a second position in 
the field of anatomy. Veratti in 1738 married Laura Maria Caterina Bassi (1711–1778) the 
only woman in Europe who at the age of 20 had graduated in Philosophy and been awarded a 
chair in the same subject  in 1732. In that same year, she became the first woman member of 
the Academy of Sciences. Luigi Galvani, the discoverer of electricity in animals, had been a 
pupil of Veratti and Laura Bassi. 
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The Academy of Sciences of Bologna at Veratti’s days. The Institute of Sciences, began its 
activity in 1714. 
 
Veratti and his wife had a rich correspondence with many scientist (including Lazzaro 
Spallanzani, Jean Antoine Nollet, Felice Fontana, Leopoldo Caldani, and Alessandro Volta) 
they lived into the most intensean intense network of social and scientific relationships of that 
time. In 1748 Giuseppe Veratti published a book: “Osservazioni fisico-mediche intorno alla 
elettricità” in which he reported successful treatments with electricity of diseases such as 
paralysis, sciatic pain, deafness, and rheumatic afflictions ..”  
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Portrait of Laura Bassi (Archivio di Stato di Milano) 
 
Veratti and his wife founded a school in of Experimental Physics in own home that was 
highly successful as it filled a gap in the studies available in the city. The University offered 
only theoretical teachings, whereas the experimental courses of the Institute were too abridged 
and produced few results. The main prerequisite of a school of this nature was the availability 
of a physics laboratory equipped with all the instruments, machines, and materials essential to 
meet all the needs of the discipline.  Thus, at their home the couple had an impressive set of 
tools (among them an electric machine) that they used for their research and also for the 
medical therapy proposed by Dr. Veratti. The couple‟s research activity took place in their 
home laboratory, in the Physics department at the Institute of Sciences, and during the 
5 
 
meetings held at the Academy of Sciences. At the time of the aforementioned letter, the 
availability of an electrical machine at the Verattis‟ house made it the only private place in 
Bologna where it was possible to perform electrostatic experiments. Judging from what is 
known about the equipment available at the house, the machine is likely to have been an 
improved version of the Hauksbee model invented at the beginning of the century. A 
description of the machine can be found in the travel diary of Jean Antoine Nollet, who 
visited the Bassi-Veratti laboratory in 1749. “La Mach.[ine] Electrique de Mr. Verati a une 
Roüe de 3 pieds et demi de diametre, deux poupées assez solide set des cylindres dont les uns 
sont de cristal de Venise, les autres de verre blanc fait a Boulogne, ont environ 21 pouces de 
diam., et 8 a 10 pouces de longueur”. A number of details in Nollet‟s description suggest that 
some of the parts of Veratti‟s machine were made in Venice, where this model of electrical 
generator was well known. The physics laboratory in the Veratti house, in which there was a 
considerable quantity of electrical instruments, was in the mid-1750s an essential point of 
reference for some young physicians and physicists, including Lazzaro Spallanzani, Leopoldo 
Caldani and Felice Fontana. 
 
 
Hauksbee's amber rotor 
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HISTORY OF ELECTROSTATIC GENERATORS 
 
The first generators of electricity were based on electrostatic principles. Due to their principle 
of operation, electrostatic generators produce high voltage, but low currents. The output is 
always a unipolar static voltage. Depending from the used materials, it may be positve or 
negative. The ancient Greeks noticed that amber attracted small objects when rubbed with fur. 
Apart from lightning, this phenomenon is humanity's earliest recorded experience with 
electricity.  In his 1600 treatise De Magnete, the English scientist William Gilbert (1544-
1603) coined the New Latin term electricus, to refer to this property of attracting small 
objects after being rubbed. Both electric and electricity are derived from the Latin ēlectrum, 
which came from the Greek word ήλεκτρον (ēlektron) for amber. Otto von Guericke (1602-
1686) who became famous for his Magdeburg vacuum experiments invented a first simple 
electrostatic generator. It was made of a sulphur ball which rotated in a wooden cradle. The 
ball itself was rubbed by hand. As the principles of electric conduction had not been 
discovered yet, von Guericke transported the charged sulphur ball to the place where the 
electric experiment should happen. 
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von Guericke's first electrostatic generator 
Guericke made the ball by pouring molten sulphur into a hollow glass sphere. After the 
sulphur was cold, the glass hull was smashed and removed. Some day, a researcher found out 
that the empty glass sphere itself provided the same results. Physico-Mechanical Experiments 
on Various Subjects. Containing an Account of Several Surprizing Phenomena Touching 
Light and Electricity is published in 1709 by Francis Hauksbee and becomes an important 
early work in the areas of electricity and electroluminescence. Francis Hauksbee of London 
invented an electrostatic generator composed of a glass sphere turned by a crank that produces 
an electric charge through friction, which a metal chain is then utilized to capture, a 
significant improvement over the more primitive version produced by Otto von Guericke 
several decades earlier. Hauksbee, designed also a rotor to rub a small disk of amber in a 
vacuum chamber. When the chamber contained some mercury vapour, it lit up! This was the 
first mercury gas discharge lamp!  
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Francis Hauksbee's Electrical Fluid Generator 
 
French chemist Charles-François de Cisternay du Fay speculates that there are two different 
types of electricity, which he refers to as resinous (-) and vitreous (+), notes the repulsion of 
like charges and the attraction of unlike charges, and determines that string is more 
conductive when wet. A decade later Benjamin Franklin proposed that electricity was not 
from different types of electrical fluid, but the same electrical fluid under different pressures. 
He gave them the modern charge nomenclature of positive and negative respectively.
 
Franklin 
thought that the charge carrier was positive. 
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Hauksbee's setup to demonstratelight effects caused by static electricty. 
 
Machines like these were not only made for scientific research, but a preferred toy for 
amusement. In the 18th century, everybody wanted to experience the electric shock. 
Experiments like the "electric kiss" were a salon pastime. Although the French Abbé Nollet 
demonstrated in 1745 that little animals like birds and fish were killed instantaneuosly by the 
discharge of a Leyden jar, nobody was aware of the latent dangers of this type of experiments.  
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The electric kiss provided a very special thrill 
Soon after the effects of electrostatic discharge were found, researchers started to cure 
diseases with electric shocks.  
 
Toothache therapy around 1750 
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THE TREATISE OF VERATTI: OSSERVAZIONI FISICO-MEDICHE INTORNO 
ALLA ELETTRICITÀ 
 
The experiments of Veratti of the therapeutic efficacy of electricity were presented at the 
Academy and made known to a wider public in a book published in Bologna in 1748 
“Osservazioni fisico-mediche intorno alla elettricità”, which was subsequently translated into 
French and printed in Geneva in 1750. The scientist from page 14 to 21 of his treatise 
describes the case of a woman about 70 years suffering from severe hearing loss and tinnitus 
treated with electricity transmitted through glass. Each application was lasting about 5-10 
minutes, with sparks and lightning caused pain, burns and redness of the outer ear. The patient 
improved hearing after 3 applications and also tinnitus disappeared. 
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ALESSANDO VOLTA.  
The count Alessandro Volta, Professor of experimental physics at the University of Pavia, 
described the greatest of his inventions, the voltaic "pile", in a communication of 20 March, 
1800, to Sir Joseph Banks, President of the Royal Society of London. Consisting as it did of a 
number of discs of zinc and copper separated by pieces of wet cloth and arranged in a vertical 
column, it was appropriately called a "pile"; a more efficient arrangement was, however soon 
found by Volta in the "crown of cups". The voltaic battery of 1800 marks an epoch in 
physical theory as well as in the application of science to the welfare of mankind. The 
scientist in the same lecture presented the first experiment on electrical stimulation of the 
auditory system electrically, by connecting a battery of 30 or 40 „couples‟ (approximately 
50V) to two metal rods that were inserted into his ears.  When the circuits were completed, he 
received the sensation of  „une secousse dans la tate‟ (“a shock within the head”), followed by 
a sound similar to that of boiling of thick soup. His results were read on June 26, 1800, before 
the Royal Society meeting in London. The report is recorded in the Philosophical 
Transactions of the Royal Society of London for the year 1800, part I. Honours were awarded 
to Volta by  many  academies and learned societies of Europe. Napoleon invited him to Paris 
in 1801 and made him an associate member of the Institut de France and later a senator of the 
Kingdom of Italy. In 1815 the Emperor of Austria appointed him director of the philosophical 
faculty of the University of Padua, a dignity which he resigned four years later in order to 
retire into private life. 
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Cover 
page of Philosophical Transactions of the Royal Society of London for the year 1800 
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First page of Volta‟s letter 
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The Volta‟s description of the effects of electricity on the ear. 
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Translation from French: 
“I can only say one word about the hearing. This sense, I had vainly sought to excite with 
only two metal strips, although the most active among all engines electricity, namely, silver, 
or gold, zinc and the other, I am finally managed to affect my new device, consisting of 30 or 
40 pairs of these metals. I brought in well before the two ears, two kinds of probes or metal 
rods, with rounded ends, and I had them immediately connect the two ends of the device. At 
the time the circle has been completed, I received a jolt in the head and a few moments later 
(the communications continued without interruption,) I began to feel a sound, or rather a 
noise, ears, that I cannot define;. it was a sort of shock to crack, or sparkle, as if some dough 
or material bouillonnoit  (soup ndr)  tenacious. This noise continued unabated, and no 
increase, all the time that the circle was complete, & c. The unpleasant sensation, and I feared 
that dangerous shock in the brain, that I have not repeated this experiment several times.” 
 
The Volta‟s battery  
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CARL J. GRAPENGIESSER 
 
In 1801, Carl Grapengiesser published in Berlin the book: “Versuche den Galvanismus zur 
Heilung einiger Krankheiten anzuwenden” (Attempts to apply the galvanism to cure some 
diseases). In a chapter of the book: “Versuche den Galvanismus zur Heilung einiger 
Krankheiten anzuwenden” (Application of galvanism on diseases of the ear) he described a 
complex apparatus for electrical stimulation of the ears. The stimulation was achieved by 
currents applied simultaneously to both ears with a device invented by the scientist. In some 
cases the stimulation was performed simultaneously from the external ear and through the 
Eustachian tube. In this treatise Two figures in the book showed in detail the equipment used.   
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Cover page of “Versuche den Galvanismus zur Heilung einiger Krankheiten anzuwenden” 
(Attempts to apply the galvanism to cure some diseases)  
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The illustration of Grapengiesser‟s external ear bilateral stimulator 
 
The illustration of Grapengiesser‟s Eustachian tube  stimulator 
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DUCHENNE  DE BOULOGNE  
 
Guillaume-Benjamin-Amand Duchenne (de Boulogne) (1806 -1875) was a French 
neurologist who greatly advanced the science of electrophysiology. The era of modern 
neurology progressed from Duchenne's understanding of the conductivity of neural pathways, 
his revelations of the effect of lesions on these structures and his diagnostic innovations 
including deep tissue biopsy, nerve conduction tests ,  and clinical photography. Duchenne 
developed a non-invasive technique of muscle stimulation that used faradic shock on the 
surface of the skin, which he called "electrisation localisee". He articulated these theories in 
his work, On Localized Electrization and its Application to Pathology and Therapy, first 
published during 1855. Duchenne stimulated the ear with an alternating current, which he 
produced by inserting a vibrator into a circuit containing a condenser and induction coil. The 
result, however, was still not satisfactory, as he experienced only a sound that resembled “the 
beating of a fly‟s wings between a pane of glass and a curtain.”. In 1864 published  a book: 
“Diagnostic et curabilité de la surdité et de la surdi-mutité nerveusse”  regarding the use  of 
electricity in the treatment of hearing loss. 
 
 
Duchenne‟s device for ear stimulation 
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RUDOLF BRENNER 
 
Rudolf Brenner (1821-1884), was a specialist in electro-therapy and neurologist. In 1877 he 
was appointed as professor of electrical therapy at the University of Leipzig. Although, in the 
first half of the nineteenth century, all electrical stimulation used direct current, known as 
galvanization, the invention of the induction coil spawned the use of alternating current, or 
faradization. Such treatments were apparently so widespread that an entire book by Brenner in 
1868 was devoted to electrical stimulation of the ears: Investigations and Observations on the 
Effect of Electric Current on the Hearing Organ in th e Healthy and Ill. with the the subtitle 
of: “Attempts to Create a Rational Electro-Otology”  
Brenner published an extensive investigation of the effects produced  by altering the polarity, 
rate and intensity of the stimulus, and placement of the electrodes, on the hearing sensation. 
He found that hearing was better with an electrical stimulus that created a negative polarity in 
the ear, and that correct placement of the electrodes could reduce the unpleasant side 
effects.  Brenner used bipolar stimulation, meaning that one electrode was placed in saline in 
the external auditory meatus, and the other was placed on a more distant part of the 
body.  This electrode is now referred to as the Brenner electrode. 
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DISCOVERIES OF THE TWENTIETH CENTURY 
 
The initial optimism surrounding the bioelectrical approaches to cure deafness was followed 
by a period of skepticism as the applications appeared to be invasive and required ongoing 
critical evaluation.  However, in the 1930‟s, interest was renewed in the problem of 
reproducing hearing artificially.  This coincided with the introduction of the thermionic valve, 
which allowed for the auditory system to be stimulated electrically with significantly greater 
precision. The work of Wever and Bray (1930) demonstrated that the electrical response 
recorded form the vicinity of the auditory nerve of a cat was similar in frequency and 
amplitude to the sounds to which the ear had been exposed.  Meanwhile, the Russian 
investigators Gersuni and Volokhov in 1936 examined the effects of an alternating electrical 
stimulus on hearing. They found that hearing could persist following the surgical removal of 
the tympanic membrane and ossicles, and thus hypothesized that the cochlea was the site of 
stimulation. Another set of researchers, Stevens and Jones (1939), thought that electrical 
could be transduced into sound vibrations before it reached the inner year. Hearing induced in 
this way has been called the electrophonic effect.  They were able to determine whether a 
linear or non-linear transducer was involved by the presence and strength of the overtones, 
which were detected when the subject heard beats. The studies by Stevens and Jones (1939), 
as well as Jones et al (1940) indicated that when the cochlea was stimulated electrically, there 
were three mechanisms, which produced hearing:   
1.        The middle ear could act as a transducer, which obeys the „square law‟ and convert 
alternations in the strength of an electrical field into the mechanical vibrations that produce 
sound.  
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2.        Electrical energy could be converted into sound by a direct effect on the basilar membrane, 
which would then vibrate maximally at a point determined by the frequency and these 
vibrations would stimulate the hair cells 
3.        Direct stimulation of the auditory nerve produced a crude hearing sensation.  
Their conclusions were basically correct, although now other body tissues have been shown to 
act as transducers. A wealth of research in the 1940‟s and 1950‟s into the mechanisms 
involved in electrophonic hearing indicated that hearing is produced by transducing electrical 
energy into sound vibrations and that residual cochlear function is also required.  It became 
apparent that total perception deafness could not be corrected by inducing a widespread 
electrical filed in the region of cochlea. Instead, a more localized stimulation of the auditory 
nerve fibers is required.  In 1950, Lundberg performed one of the first recorded attempts to 
stimulate the auditory nerve with a sinusoidal current during a neurosurgical operation.  His 
patient could only hear noise.   However, a more detail study followed in 1957 by Djourno 
and Eyries, provided the first detailed description of the effects of directly stimulating the 
auditory nerve in deafness. In their study, the stimulus appears to have been well 
controlled.  Djourno and Eyries placed a wire on the auditory nerves that were exposed during 
an operation for cholesteatoma.  When the current was applied to the wire, the patient 
described generally high-frequency sounds that resembled a “roulette wheel of the casino” 
and a “cricket”.  The signal generator provided up to 1,000-Hz and the patient gradually 
developed limited recognition of common words and improved speech-reading 
capabilities.  The patient was found able to discern differences in pitch at increments of 100 
pulses and was found able to distinguish words words such as “pap‟, mamn”and “allo”.  
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In 1964, Doyle et al., reported inserting an array of electrodes into the cochlea of a 
patient with total perceptive deafness.  The electrodes were designed to limit the spread of the 
electrical field and were stimulated in sequence with threshold square waves that were 
superimposed with speech signals.  The four electrodes were not especially implanted to take 
advantage of the spatial distribution of the auditory nerve fibers responding to different 
frequencies, and the result obtained was only satisfactory. However, it was significant that the 
patient was able to repeat phrases.  Yet another researcher, Simmons (1966) provided a more 
extensive study in which electrodes were placed through the promontory and vestibule 
directly into the modiolar segment of the auditory nerves.  The nerve fibers representing 
different frequencies could be stimulated.  The patient was tested to assess the effect of 
alterations in the frequency and intensity of the signal.  The subject demonstrated that in 
addition to being able to discern the length of signal duration, some degree of tonality could 
be achieved. The clinical applications of electrical stimulation of the auditory nerve were 
refined by House (1976) and Michelson (1971) through scala tympani implantation of 
electrodes driven by implantable receiver-stimulators.   Dr. William House observed the 
percepts of patients when small electric currents were introduced to the promontory during 
middle ear procedures under local anesthesia.  But technical barriers proved frustrating. 
During the early sixties, House implanted several devices in totally deaf volunteer patients. 
Although these were rejected due to lack of biocompatibility of the insulating material, that 
they worked for a short time provided optimism towards a solution for sensorineural 
deafness.  (House testimonial).  House teamed up with Jack Urban, a very innovative 
engineer, to ultimately make cochlear implants a clinical reality. The new devices benefited 
from the increasing capabilities for microcircuit fabrication derived form space exploration 
and computer development.  In 1972, a speech processor was developed to interface with the 
House 3M single-electrode implant and was the first to be commercially marketed.  More than 
1,000 of these devices were implanted between 1972 to the mid 1980s.  In 1980, the age 
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criteria for use of this device was lowered from 18 to 2 years. ).  During the 1980‟s, several 
hundred children had been implanted with the House 3M single channel device.  The FDA 
formally approved the marketing of the 3M/ House cochlear implant in November 1984.  By 
the late eighties, virtually all of the major concerns about the long-term success and safety of 
cochlear implants were largely resolved. During this same period, work outside the United 
States was progressing, most notably in Australia where Clark and colleagues were 
developing a multi-channel cochlear implant that, in the last half of the eighties, was to 
become the single-most used implant in the world under the name "Nucleus Multi-channel 
Cochlear Implant".  Multiple channel devices were introduced in 1984, and enhanced the 
spectral perception and speech recognition capabilities compared to the single-channel device, 
as reported in large adult clinical trials. Through the 1990‟s, clinical and basic science studies 
have resulted in progress in implant technology and in clinical approaches to cochlear 
implants. Electrode and speech processor now produce coding strategies that are associated 
with successively higher performance levels.  
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